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When U.S. Government drawings, specifications, or other
data are used for any purpose other than a definitely
related Government procurement operation, the Government
thereby incurs no respongibility nor any obligation what-
soever, and the fact the Government may have formulated,
furnished, or in any way supplied the said drawings,
epecifications, or other data, is not to be regarded by
implication or otherwise, or in any manner licensing the
honlder or any other person or corporation, or conveying
any rights or permission to manufacture, use, or sell any
patented invention that may in any way be related thereto.

FOREWORD

This report covers the work performed under Contract F04611-72-C-0062,
“Storability Investigations of Water," performed by the Aerojet Liquid Rocket
Company at Sacramento, California, and conducted under Air Force Project

Task 305911 VD. The performance period covered from 1 October 1979 to
30 September 1980. .

The program manager is R. L. Friedman; the project manager is
Dr. E.M. Vander Wall. The experimental work was conducted by Dr. Vander Wall;

R. L. Beegle, Jr., senior chemist; J. A. Cabeal, senior chemist and G. R. Janser,
metallurgy specialist.

The program was administered under the direction of the Air Force
Rocket Propulsion Laboratory, Mr. Herman Martens, Project Engineer.

This report has been reviewed and is approved for release in

accordance with the distribution statement on the cover and on the DD
Form 1473.
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Herman Martens
Project Engineer

orrest S. Forbes, Chief
Propellant Systems Section

For the Commander
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Edward E. Stein, Deputy Chief
Liquid Rocket Division
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i SECTION I

INTRODUCTION

Inherent in the concept of transpiration cooling is the requirement
A that the coolant remain free of particulate matter which may clog the pas-
. sages of the cooling surface. The object of the “Storability Investigations
of Water" program is to gather data that will permit the Air Force to assess
the long-term storage characteristics of water, particularly with regard to
formation of particulate matter. This report is the fifth progress report
to document the experimental results from the eighty-four month storage tests
of water in selected metal containers for the ten-year program conducted
under Contract F04611-72-C-0062.

The five metallic materials used for container material in the program

1
304 stainless steel
A-286 (aged) steel
17-4PH (aged) stainless steel
Inconel 718 (aged)
6A1-4V Titanium (STA)

Two types of water are considered in the program:

oxygen-saturated, deionized, filtered water and
oxygen—-frec, deionized, filtered water

Three categcries of tests are used for obtaining the data necessary
for assessment of the storability of water. They are:

; Water Characterization
i- Biological Characterization
2 - Container Examination

The investigaticns which led to the selection of the candidate metallic
materials for tankage for use in the ten-year storage of waters are reported
in AFRPL-TR-73-94 '"STORABILITY INVESTIGATIONS OF WATER," VOLUME 1: EXPERI-
MENTAL STUDIES, FINAL REPORT, Aerojet Liquld Rocket Company, Sacramento,

- California, December 1973. The results from the first year of storage are
reported in AFRPL-TR-74-76 "STORABILITY INVESTIGATIONS OF WATER, LONG TERl{
STORAGE EVALUATION," FIRST ANNUAL REPORT, Aerojet Liquid Rocket Company,
Sacramento, California, December 1974. The results from the second year of
storage are reported in AFRPL-TR-75-62 ''STORABILITY INVESTIGATIONS OF WATER,
LONG TERM STORAGE EVALUATION,' SECOND ANNUAL REPORT, Aerojet Liquid Rocket
Company, Sacramento, California, December 1975. The results from the third
year of storage are reported in AFRPL-TR-76-95 '"STORABILITY INVESTIGATIONS
OF WATER, LONG TERM STORAGE EVALUATION," THIRD ANNUAL REPORT, Aerojet Liquid
Rocket Company, Sacramento, California, December 1976. The results from the
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Introduction (cont.)

fourth year of storage are reported in AFRPL-TR-77-74 '"STORABILITY INVESTI-
GATIONS OF WATRR, LONG-TERM STORAGE EVALUATION," FOURTH ANNUAL REPORT,
Aevojet Liquid Rocket Company, Sacramento, California, December 1977.

This annual report is presented in three sections: (1) Introduction,
(2) Experimental Results and Discussions, and (3) Conclusions and Recommen-
dations. 1In addition, there are two appendices provided for the convenience
of the reader: Appendix A, Fabrication and Treatment Procedures for Water
Containers, which documents the history of the tanks, and Appendix B,
8ilting Index Measurement, which describes a clogging tendency test.




SECTICN II

EXPERIMENTAL RESULTS AND DISCUSSIONS

BACKGROUND INFORMATION

The purpose of the long-term storage tests is to demonstrate that
water can be stored without formation of significant quantities of particu~
late matter and with ifnsignificant corrosion of appropriate metal containers
for time periods of at least ten years in a controlled envi“onment. The
background information is presented for the convenience of the reader and
documents the initial conditions of the selected containers and waters piior
to the storage periods. The discussion is presented under the following

headings: (1) Materials Selection, (2) Container Sterilization and Filling,
and (3) Storage Conditions,

A. MATERIALS SELECTION

1. Waters

Based on the data derived from the preceding experimental
work (Reference 1), it was apparent that buth oxygen-saturated and oxygen-free
water were acceptable candidates for long-term storage tests. Further, the
filrration of the water fhirough a 0.22 micron pore size absolute filter was
demonstrated to remove microorganisms effecuvively. Thus, the water used to
fi1ll the containers was passed through an activated charcoal bed to remove
organic compounds and through two mixed-bed ion exchangers to obtain water
that had an electrical resistance value of 1 megohm/cm or greater, The water
wag transferred through 0.22 micron filters into a 5-gallon stainless steel
supply tank. To ensure the saturation of the water with oxygen, filtered
oxygen was puirged through the water in the supply tank for a minimum of
15 minutes. To obtain oxygen-free water, the water in the supply tank was
heated to the boiling point of warer for one hour while being purged with
filtered nitrogen obtained from the boil-off of liquid nitrogen. The tank
was then pressurized with the filtered ritrogen, allnwed to cool to ambient
temperatures, and then repressurized with the filtered nitrogen. The outlet
of the supply tank was fitted with a Twin 90 Filter* unit to assure the
sterile characteristics of :he water used to fill the storage containers.

2. Metals

The selection of the materials of construction for the long-
term storage test contalners was based on the resul:ts of the laboratory
inveatigations (Rzference 1). The aluminum alloys were eliminated from

Ref. 1 E. M. Vander Wall, R. E. Anderson, G, R. Janser, Storability
Investigations of Water, Volume I, Experimental Studies,

AFRPL~TR-73-94, Contract FQ4611-72-C-0062 (December 1973).

* A 0.22 micron pore size, absolute filter pack =svgilable froam Millipore
Cor;oration, Bedford, MA.
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A, Materials Selection (cont.)

consideration duc to thely introduction of insoluble corrosion products which
are a source of particulate matter in the water. Because test results on the
remainder of the seven candidate materials were not discriminatory, choice

was made on the basis of selecting not more than one alloy from each class of
materlal. The one class of material with more that one representative was the
18% chromium - 8% nickel austenitic stainless steels, 1,e., 304L, 347 and
Arde-form 301l. Hence two of these materlals were climinated to provide the
five materials required for container fabrication. The 304L stainless steel
was selected due to itg8 attractiveness as an expulsion bladder material. HKence,
the selected materials are: 304L stainless steel, A-286 (aged), 17-4PH =stain-
less stweel, Inconnel 718 (aged), and 6A1-4V titanium (STA). Durine fabri-
cation, some 304 stainless steel parts were incorporated into the 304L
stainless steel containers, consequently identified as 304 stainless stee!
containers. The fabrication procedures, the heat treatment cycles, the
cleaning brocedures, and the passivation procedures to which the containcers
vwere subjected are presented in Appendix A of this report.

B. CONTAINER STERILIZATION AND FILLINC

Following the final rinsing with filtered, deionized water and the
subsuquent drying of the containers in a vacuun chamber, the containers werve
wrapped with reusable sterilization paper. The wrapped containers were then
sterilized in an autoclave at 25C°F with 15 psig steam for 30 minutes, fol-
lowed by a 30-minute drying period. The containers were then stored in the
parer to maintain their sterile condition.

All the steps required to fill the containers with water were
conducted in a sterile, laminar-~flow bench. The tanks were removed from t' ¢
wrapping paper in the laminar-flow bench. The tanks were weighed emptv, tnen
wveighed when filled completely with sterile water to determine the total
volume of the tank. The water was drained out and the tank was rinsed once
more with the sterile water. A sample of the rinse water was checked for pH,
conductivity, and Silting Index (see Appendix B). If the values indicated
that particulate matter and dissolved spec¢ies were not present, the tank was
considered ready for filling; 1ii the values indicated that contaminants were
present, the tank was rinsed until there was no evidence of contamination.

A Silting Index value of 1 or less for the rinse water when using the filter
with & cross-sectional area of 1.0 mm? was used as the criterion that no
significant quantity of loose particulate matter remailned in the containers.

Before the final filling with oxygen-saturated deionized water,
the tank was purged with oxygen from a filtered, supply. The tank was then
filled with the water and a sample was withdrawn for PH conductivity, and
Silting Index mcasurements. The ullage was adjusted to the ten percent value
by weighing the container and its contents; the ullage space was purped with
the flltered oxygen, and the contalner was capped with a sterile, tapered
plug made from the same material as the contalner. The plug was seated in
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B. Container Sterilization and Filling (cont.) =

the fill-tube by use of a hammer. The containers were filled with the oxygen- B
free, dejionized water in a analogous manner, except that filtered nitrogen B
instead of oxygen was used for purging and blanketing t.e container. -

The final sealing of the containers was accomplished by (TA-welding
the fill-tube/plug interface. The welds were inspected visually for any
apparent anomalies. None were found. Then the containers were labeled for
the long~term storsge test and placed in plastic bags.

The sampling plan for the long-term storage tests is to 1) remove
one container of each material with the two types of water for inspection
and evaluation every six months for a period of four years, 2) evaluate one
set of containers after seven vears, and 3) evaluate the remaining set of
containers after ten years. The contents will be characterized with respect
to pH, conductlivity, particulate content, and biological activity, and the

containers themselves will be subjected to metallurgical examination 1f the
other test data indicate that this is required.

SRl .

C. STORAGE CONDITIONS

The storage area for the water containers is an air-cenditioned
room which is monitored continuously to documen?: thdat the temperature is main-
tajned at 70 + 10°F and that the relative humidity 1s maintained at 50 + 25
percent. The containers are stored in a closed metal cabinet to protect them
from an accumulation of dust, and the containers themselves are covered with
plastic bags to prevent direct contact with foreign metal surfaces., The
contalners are visually examined on a weekly tasis.

e A

WATER CHARACTERIZATION

After six-month intervals of storage at the conditions defined
< above, ten containers are removed for evaluation. They consist of two con-

tainers of each selected material, one containing oxygen-free water and the
other containing oxygen-saturatcd water.

A. PROCEDURES

After the initial six-month storage period, the water contalners
were washed with deionized water and then placed in a sterile, lamiuar-flow

bench for further handling to remove the stored water. The outler of the con-

talner was rinsed repeatedly with filtered, deionized water to remove any con-
taminants and then briefly subjected to a torch flrme to sterilize the exterior
Ia the subsequent six-month storage periods, the water con-
tainers were immersed in a 95% ethanol bath prior to placement in the sterile,
Subsequent to their removal from the bath and placement
the residual alcohol on the tank surface was

of the metal.

laminar-flow bench.
in the laminar-flow lLench,
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A. Procedures (cont.)

removed by burning. The outlet of the container was repeatedly exposed to

8 torch flame to assure a sterile condition. All the containers were opened
in an identical manner. A sterile tubing cutter was used to sever the fill-
tube. For the six~month, twelve-month, and eighteen-month storage periods,
the water was expelled from the containers by inserting a sterile stainless
steel capillary tube into the fill-tube of the container. Filtered, gaseous
nitrogen was passed through the capillary tube while the container itself
was kept inverted. The first several ml of water were used to flush the
tube, then digcarded. Subsequent samples of water were collected for measure-
ment of pH, electrical conductivity, dissnlved solids, particulate matter,
flow behavior, and for characterization with regard to possible biological
contamination. Fos the twenty-four month and subsequent storage perilods,
special cannula were fabricated so that the water could be expelled from

the container while it was maintained in its normal upright position. The
cyclic insertion and withdrawal of the cannula for the various samples was
avolded by controlling the nitrogen flowrate used to pressurize the con-
tainer during the water expulsion.

The measurement of the pH was made by using a standard pH meter
with a calomel reference clectrode ard a giass indicator electrode. The
electrical conductivity of the water was measured by using a balsbaugh
Conductivity Meter (Model No. 900-.01T) with a standard dip cell. The
content of dissolved solids in the water was determined by evaporating 200-
300 ml samples of the water to dryness and then weighing the residue. 1In
addicion, any particulate matter which collected on the 0.8u filter of the
flow behavior device was examined microscopically and sized. The flow be-
havior of the water was evaluated by using a Silting Index Apparatus (see
Appendix B for description), which permits filtration of the liquid through
a known area (1.0 mmz) at a constant pressure to allow recording of the flow
decay due to the presence of particulate matter as a function of time. The
standard nethod of the test 1s described in ASTM F52-69. The datu are
reported as Silting Index values, i.e., the greater the value, the greater
the degree cof contamination by small particulate matter.

B. DISCUSSION OF RESULTS

The data obtalned from the tests are presented in Tables 1 to 5.
The data obtained during the initial loading of the containers, as well as
the Jata for the preceding storage intervals, are included in the tabula-
ticn to facilitate comparison and identification of trends. The baseline
data are labeled as initial, and the data obtained after the sturage periods
are labeled as final.

10

x

e o Ll

5. v dr

Abd sk Bl il



Z

S3|dt1aed ) Auey + - 1> L> £E°0 95°0 18°0 0471 |34 0! ‘les-7Q 3 St
Sad4aed 1 Auey + - 1> L €0 20°0 021 coe 0°¢ 0°¢ mwgm-mo (4] 91
S31ot34ed 1 30 jey + - L L= 6079 5¢€°0 01 08°1 €L 89 .gmm-mo g {1
$319434ed 12-| Auey - - t 1> 96°0 vL°0 22’1 087 vL 0°¢ me*-No BV St
S3(o134ed nz-| Auey + - L> 1> LTV 09°0 €L°0 08°1 89 8’9 .umwnmo et al
SaloLaed nz- Auey - - 9t (B 09°1 0£°0 S6°0 5871 (4 0°¢ mu;m-mo Zt 121
s3(3)34ed J4e|nbaday |~ * - L > $8°C S50 s8°0 0L €L 89 "es-g 9¢ 6
sa|otided Ap-z pajesawo|bby - - 2 - 99°0 9¢°0 S0 L 081 2! 0°¢ 39.43-%p 9€ £l
s3|2t34ed ae(nbausy nzn + - L L> €Ll 06°0 56°0 SLt €L 0¢ .uumtuo ot 8
uo13e.40|05 3bueao
ydep ‘rigxg safatjaed Auey + - 0°¢ L> €02 60°0 SI't 002 't 0'¢ a34y-Cg o€ cL
513|310 d Je|NbaLdy NG XZE * - 52 1> £L°0 S0°0 £6°0 071 L¢ 6°9 “3e5-0 124 4
12|91e(d Jse|nbaadat p2xgp - - 9 L= b0 St 0 66°0 081 6°9 0°¢ mmgm-mo ve A
sadi3ded de(nbaaay rpxy + - 144 L> 06°0 e’ 0 18°0 Set FAN 9°9 .umm-mo 8l |
Sal2sj4ed Je|nbaJdat npxy - - St L 660 62°0 20"t 06°1 €L 0°¢ aau3-%g 8t 9
satatided g jo ey X - L> t> SE°2 ANV (6°0 T} €Y 0L .umm-mo 21 14
sy3gaeld np x | - - L> L> 89°0 £L°o £€8°0 8- (G4 0°¢ mmgmumo 2! S
s39(31e|d g x g X - 1> 1> 02°'L 0670 88°0 SLTL 2t 0°¢ "3es-%p 9 i
s13(31e(d 9" ( x 2°¢ X - 9 L> 90° L £2°0 $8°0 SLtL 2L 0L uu;»-mo 9 £
o ey e e R - N .
Leag6ojotg SP410S Le3OL URISLSIY aunsoday

U0} 392} 1930040y) 490N

SYINIVINGD 33LS SSIINIVLS ©0E NI ¥ILWM 40 ALITIEVHOLS 3HL 40 3AILVIIONI VIVG
T 38Vl




sapatyued nz-| 4 - e > %0 201 0’1l 091 0°¢L 0 ¢ "1es-% 8 iH ”,m
sa(at3ded i+ Auey - - L> 1> 8L°0 (5°0 0zt 06°1 6°9 0°¢ 3343-% v8 n *“
sa(a34ed v 40 oW + - S'v L> (o 60°1 BT A% 0871 89 L9 .ﬂn?No 41 Sl ,,
saldt3aed "z 03 | Auew  + . EENE 1Z'e w0 08l 08l 2L 0¢ a9 8t 8 “
s3(3t34ed 11z 03 | Auey + - > 1> pL°0 0 8870 oL 0°¢ 8°9 ,uumuwo 2y 12 ,w_
$31P43 )
-wo|bte pue sa|djj4ed 1z 03 | + - 4 1% 98° 0 y0°0 S0 L 5671 (2 0°¢ mu._w-m.o v SV L_
sy edamoybbic pue saydrided 2 + - 2 > ) 86°0 €1 08" 1 2L 19 .uum-mo ot oL _
sa|allaed 7 - - STt L> SE0 o LTAN 08"t 27! 2L aa13-%9 9¢ b-v :
paA4asqo ) . . . . ) . 2 o
M3y A43A ‘safdriaed 12 + - L 1> 69°0 6£°0 oLt 0Lt €L L9 1es-%0 o€ -y
531243400 sejnbaaa] 1z - - b > Sp°0 o~ gt'L 08l €¢ 2t 3343-%p o¢ 402-v¥
sa|o}34ed pajesauc|bby rp2xpz + - S'9 L> 9L°0 3 1] 921 081 1°¢ L9 .umm-mo e v
s1ayaje(d J4e(nbasaL ryx/ + - S'v L> o S0°0 £5°1 08" 1 0L PN wm..m-mo ye L i
s3(2t14ed ae|nbadat ngxg + - > 1> 20 €EL°0 Lt 08 L 89 ¢ "3es-¢g 8l ¢y m
sa|d1iaed se(nbasa) npxp - - 9 > 90°0 00°0 $0°1 Sl t9 27t 334y-%9 8l 400-¥ |
s3a|aje(d ng x ¢ - - Lt > 59°0 Sy 0 8071 08 ( 9 69 “qes-o 2l 61
s3ajajetd ng x X - L» > 30 0 S 081 &L A4 wo‘C-mo 21 -y
$13(91k|d ng-¢ X - L> L (-t ve'0 670 08'L 2t 0°¢ "3e5-%p 9 £l
s3a|eld "g x g - - 1> L {S°0 0 811 AN ¢t et ww..cumo 9 9
SI11stdayoeaRy) o (TRYO) ou e1]iu] eut (T30 aaoy SyIuoy J9qunN
430 Aje|ndyidey 314130V L u3uo) Bwﬂ#ae 40 3L} poa3d 43Ut eIu0)
|@31600tg SPLIOS €304 US| S3Y 3unsodx 3
U0t IRz 1433I0IRY) AITER
SYANIVINOD 982-YU NU HILYM JO ALUTIGWEOLS IHL 40 IATiyDIaMT wivn
¢ 38Vl

T e —atMGT



s3]2)34ed pajedawobby + - 1> 1> ¥°0 850 80" 1 oLt 89 0°¢ -3es-%0 8 9!
saydtlJed pajesawo|bby - - 1> 1> (%0 00 sttt 022 9°9 0 aau3-%0 8 81
sa|otpaed pajesawo bby  + - L L> 98°0 8270 t U (VA vL 0¢ 1es-¢0 st £1
sapoieed [|ews 4O JEW - - L > o't 20 o£'L 08"l 2L 0L asuy-%0 8t {
sad13ted pajesawoibby  + - ] > gLt 98°0 9°0 091 (4 0°¢ -3es-%g 2t 2l
sa|oi134ed pajeadwoybby - - 9 > $9°0 L£°0 960 06° L 0¢ 9L aauy-%p A Gt
LETRIS L o
pajesawo|bbe ‘4e(nbasa] + - L> > £v $S°0 2t 08l vL 0L "3es-¢Q 9¢ ol
: s3oi34ed
paiesawo(bbe ‘Jdeinbasd] - - > 1> 6£°0 o w1l 08l S ¢L 0t aau43-p S¢ ¥l
sapotiaed b4
pajeqawo|bbe ‘Je(nbasd]  + - > B 29°0 %€°0 ot s 1L 0L 3es-40 ot 6
sa|otjaed
paijesawolb6e <seinbaaal  + - s B 9’0 SO0 S0t S8 L 69 0°¢ 3s13-% 1Y 1
sa|dilded pajesdwo(bby  + - > > 690 GE°0 SS°0 8LTL [ 0°¢ “yus-%p 124 9
safoilded |{ows JO 1o+ - 1 > t6'0 6%°0 s£°0 08l $°9 0°¢ 3343-%p 74 8
sajeaawo(bbe nexp - - 1 L £2°0 0Ov0 89°0 081 5L 0t “yes-%g 81 v
s3|d1j4ed ae|nbasa] nZxz - - 1> 1> 00" 000 S0 S6°1 99 0¢ a343-%p 81 ‘
e e se
pajesawo(66e sayaraed 12 03 | - - > 1> Ay oo 28°0 5971 S 0L ‘yes-dp 2l £
sajeaawo | bbe 2
nQg M3y ‘saidijaed ng 03 | - - L> - £2°0 15°9 86°0 0671 94 0L 3343-0 21 S
sj3laje|d 19°E ¥ 9°¢ - - L 1> 08°L 980 so°L oL 2t 0°¢ -3es-g 9 L
siataed 5
Mp"G X ' « M2°L X 27¢ - - L'E > 69°0 (] VB0 0671 L 2 0°¢ 3343-70 9 2
wuwﬂuwksunsﬂ._u L) elju U LI% Y 1Y o L1%310 Pr g | SIuoy AU
4333wy e(Ndjaeg 1 Ju23u0) X3pu] m._.z:m w) /eoSae & 40 A4y POLId JurU0)
ted1601019 SpLLOS | eI0) INWISLSIY aansodx3

SYINIVINOD WAINYLIL Ab-1V9 NI ¥31VM 30 AL1T18VYOLS 3HI 30 3AILVIIONI VIVQ

£ 378Vl

U0}IVZ149300A0y) J9IPR

1)



Lt AN Ut Ll Uk )

LA Lt N o ) R L o
S3101348d aa(|Bws pue 1{ Auey - - [ i’ 5070 1200 9670 01 9'9 0¢ yes-% 8 Si-1
; $3(2¢34ed a3y (ews pue f{ Auey - - L L> €0°0 6€°0 26°0 S6°1 €L 0'¢ a3.y-%p 8 61
\,, Sadidded ng-( pajesawo|bby - - > l- 0°0 €50 §6°0 0L vL 0'¢ -aes-Gg 8t £-1
¥ $ad M- - - -
| 191348d np-( pajesauo(6by Sy L o 0 ot ot ¢ 0 a44-% 8y 91
$912134ed np-| pajesswo( b6y - - 02 (] 5970 S0 86°0 [ 0°¢ 0'¢ “yes-8g b4 oi-1
sa|d114ed ng-| pajeaawo(66y - - (1 1> [ 221} 2€°0 86°0 oLt 0t 0L VIR A 2l-1
S2(2p34ed 12-| pajesswo|bby - - 5°S L oL'o o 86°0 oLt 4 0°¢ “jes-¢g 9t 6
S3dtjaed wz-| pajesauoybby - - §°S 1> o~ o 00°1 06" 1L 2L 0¢ aa.y-%g 9¢ g-1
S3{oLaed 1p-| pajesawo(bby - - t 1> S¥'0 200 S6°0 SLTL 2t 0t “jes-%p 0g £-1
S31d¢34ed 12-| pajesawo(bby - - S 3 0p'0 o 60" 1 08°1 't 0L a3u4-g 113 S-1
SI[>134ed pajedawo)bby nziIxgy - - S°¢C t> 00 ov'o €0° 1L 08'L £¢ 0°¢ *3es-¢p 1 74 L
N <r
S3|213Jed pajeaawo|bby npzxp2 - - 9 L> Lo ] 00° L 08l €L 0"t 23u3-%p 124 ) e
$3|21340d ae(nbadaL z
pajeaawo) 56y ngxg 031 nzxz - - (R L SE'0 9570 88°0 S/ 133 0°¢ 1es-“p 8l 1-1
S3(ot3aed ae |nbaady 2
pajeaawo| 66y 1gixg 03 ngxz - - 5 > 00°0 20 $0°L T L 0°¢ 244-90 8L -1
sajeuawo (Hbe 2
106 ¥ 0§ *S3O13ded gy X - (4 1> 65'0 0 86°0 081 €1 0L ies-“p 2 1]
svjes3wo| bbe 2
"gL ‘s3LdLided ||ews jo jen - - > L vLoo 0 88°0 SL° 1 8L 04 33.14-°p 2\ 9
n0g 03 2
patesauwo(bbe sa|di3ueg Mz 03 | - - v L> €8°0 820 560 071 v L 04 "1es-%p S 2
npg o3 b4
pajesawn(bbe sapdlideqd 72 03 | - - > > 2r°0 0 85°0 0Lt 8¢ 0" ¢ ®4y-“0 9 l
. SILISLAAIRIRY) R13Luf U Y QU L3 Luf eu QUL FE- YT SYyjuoy 4qun)
, 49130 21R|NILl4ey IALYDY _unw TIu3lu0) x3pul buia|s [=) m & 30 3dA} pOjJag A3 LRIUG)

aansodxy

” {e2g60(o1g SPL10S {®RI0] AUTISLSIY
UOLIRZ}JIIDRAPY) Ja10R

SYINIVINOD 8L TINOONI NI HY3LVM 40 ALITISVHOLS 3IHL 40 3IATIVIIONL Vivd

LERCTTN

sl 4




TR I " o "

S3|o¢340d nZ-| 0 sajedawo|bby + - 1> L 00 €00 TR VIRV | 89 0°¢ yes-p 8 6-d
$3|213480 1z2-{ 30 sajesduo|bby - - 1> 1> 0’0 8t'0 60 S 0t 0°¢ mwgm-wo +8 6i-d
sajesawo(bbe pue saidtjaed rg-| + - 1> 1> 10°0  62°0 oLt T 9°¢ 0t “qes-g 8t 8-d
sa(oi34ed [(ews jo Jew - - L 1> 29°0 2vo 221 071 8L 0°¢ uwt-No 8p 8l-d
sajesawo Bbe pue sid(3ded Mp-| + - 1> L> vS°0 (970 80 St 0L 89 “qes-%p it (-4
caesawo|66e pue a|d1aed ap-y - - i> > 't 6v'o 00° L TN 6°9 0°¢L omgu-wo eb Ll-d
sa|atded np-| + - L> > 6L°0 210 0t 08" L £t 69 “3es-¢Q 9¢ 9-4
saroiyaed np-| 30 saiesawo|6by " - L 1> Sp°0  8L°0 26°0 SLL ! 0°¢ a343-%p 9¢ 91-d
s3[dt34ed Z-| 30 S33PLaW0(BbY + - 0l > 6£°0 92270 080 081 69 89 "qes-{g ot S-d
sapd13aed nz-1 30 sajesawo(bby - - 1> > o s2o 8L°C 08" L 89 0°¢ 3344-% (1] St-d
s3|Jt3aed z puld
pajesawoibbe 15 ¢ x G ¢ + - Sy 1> 00 vLO Ut 08°1L 2L 89 3es-¢g v2 v-d
13(33eid JeLnbuad] dppxy - - Sl B 00 ovo 01 08°1 0t 0°¢ a3uy-%g 124 ¥1-d
np2xg 031 5
ngxg wouy abues sajesawo|6by + - 5% 1> 60°0 6L°0 01 0L L (4 €9 *3es-4g 8l £-d
ny2xz o1 3
ngxz wody bues sa3vsawo)bby - - 572 L> 50°0 Obv'o 98°0 G6° 1 vL 0°¢ 3344-0 81 £l-d
sjajaed npy 03 ¢ X - 1> L> 29°0 €00 0L0 081 9°¢ L9 “3es-Cg 21 2-d
$a1213aed Z
pazis ajeulwuaaput JO ey X - > 1> 6t°0 (20 2071 00°2 6°¢L 0¢ 3343-%0 K 21-d
"Q0t 03 2
pajesawoybbe sa|d(jaed ny 01 | - - L> 1> AN 0 86°0 SLTL Lé 0°¢ "3es-¢p 9 t-d
1002 03 2
pajesawa(bbe saidiiaed 1y 03 | - - t> 1> 99°0 0 28°0 08°L v 04 3343-% 9 Li-d
$I431S143)O040Y) w LISy U L{GY L] U LIty A319N SYIUaK A9quEny
A¥e AR |NILIIRY 1ALy t 1U33U0) CH) u & 40 adAy [ LTEEY] Jauinuo) ,
{eagbogorg Sp4{og (®i0) 0I5} 5 _ aunsodx3

UOF 02 [4939040y) 43PN

SYINIVINOD 1331S SSIINIVLIS Hd v-ZL NI U3LVM 30 ALINIEVH0LS 3HL 30 JATLVIIONI vivQ

G, P . R I i s sl

[ A PR

'

S 378Vl

ok e A B s ot




B. Discussion of Results (cont.)

The significant items to be noted from the data are as follows:

First, the pH values of the waters change slightly during the storage
periods. If the values are averaged, the following pH values are obtained
for the various containers used:

For storage in 304 stainless steel containers, the
pH value increased 0.2 for the oxygen-free water and
0.3 for the oxygen-ssturated water.

For storage in A-286 contalners, the pH value did not
change for oxygen-free water but did increase 0.2 for
oxygen-saturated water.

For storage in 6Al1-4V titanium containers, the average
pH value 1is unchanged for oxygen-free water and increased
0.2 for oxygen-saturated water.

For storage in Inconel 718 containers, the pH value
increased 0.4 for oxygen-free water and 0.2 for oxygen-
saturated water.

For storage in 17-4PH containers, the pH value increased
0.3 for oxygen-free water and 0.3 for oxygen-saturated water.

Secondly, the resistance values of the waters have stabilized
after the initial decrease in values due to an increase in concentration of
ionic species, and the final resistance values still correspond to concen-
tration levels which contain less than one part per million of dissolved
metallic 1ons.

Third, the Silting Index values indicate the presence of &
slight amount of particulate matter in the size range of less than 5 microns
in the water, but the concentration levels are insignificant with regard to
the quantities of particulate matter that are required to cause clogging
in flow passages. In addition, the concentration level of particles in
the less than 5 micron size 18 not increasing with increased periods of
water storage.

Fourth, there i3 apparently no increase in the totel solids
content of the waters as the period of storage increases; the values
observed are sufficiently low so that the quality of the water is not
imparied. The level of detection in the method used corresponds to a
mg/14.
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B. Discussion of Results (cont.)

Fifth, the pH values, the resistance values, and the Silting
Index values are not significantly different between the various storage
periods.

The particulate matter collecting on the filters appeared to be
that which adhered to the container walls during the cleaning, pickling,
passivation, and flushing procedures prior to filling. In summation, the
waters were all suitable for use In transpiration coolant devices after
water storage periods of up to eighty~four months.

BIOLOGICAL CHARACTERIZATION
A. PROCEDURES

200 ml samples of the water taken from the storage containers
were filtered through pre-sterilized filter pads which were transferred

directly to sterilized Petri dishes containing suitable nutrients for direct

coluny counting after a suitable culturing period. The procedures are

described in Standard Methods of Analysis of Water and Waste Water, American

Public Health Association, 13th Edition (1971) and Biological Analysis of

Water and Waste Water, AM 302, Millipore Corporation, B~dford, Mass. (1973).

In addition, any bioclogical organisms present were washed from the filter

surfaces with a sterile buffer solution and placed directly in sterile nutrient

solutions for culturing. This is to assure that adequate samples are
available for identifying the genus and the specific species of micro-

organisms that might be present in the stored water. Based on the lag-period,

prior to growth, of microorganisms which has been observed earlier in the
program (Reference 1), the tubes containing the nutrient solutions were
incubated for periods of up to one month.

B. DISCUSSION OF RESULTS

The results obtained by culturing samples from the water contain-

ers are presented in Tables 1 to 5 under the heading "Biological Activity."
The lack of any indications of microorganisms being present is denoted by a
minus sign. If growth was indicated in either the culture tubes or on the
filter pad, but not on bhoth, an "X'" 1is used. If growth was found in both

the culture tubes and on the filter pad, a plus sign is used as an indication

of the positive result.

After a month of incubation of the samples from the six-month
storage tests, there was no indication of microorganism growth on the pre-
sterilized filter pads. S1light growth was observed in the culture tubes
containing washings from the 304 stainless steel and one of the A-286
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B. Discussion of Results (cont.)

containers. The number of microorganisms present was extremely small, as
indicated by the negative results with the filter pads and the slight amount
of groweth in the culture tubes. There was no evidence that any biological
growth occurred during the six-month storage period. The microorganisus
found were identified as an Aeromonas species.

Ty e

L After a month of incubation of the samples from the tweive-month

: storage period, one of the culture tubes containing the washings from an

Inconel 718 container exhibited growth, but the filter pad was negative. The
microorganisms present were identified as most likely being Pseudomonas
aeruginosa. The filter pad used for culturing the contents of both of the
17-4PH, one of the 304 stainless steel and one of the A-286 containers exhibited
growth, but the corresponding culture tubes were all negative. The micro-

; organisms were identified as a Pgseudomonas species. Again there was no

e evidence that biological growth oceurred during the twelve-month storage period
. in any ot the containers.

After a month of incubation of the samples from the eighteen-month
storage period, there was indication of microorganism growth on the filter
pads and in culture tubes containing samples from one of the 304 stainless
steel, one of the A-286, and one of the 17-4PH containers. The microorganisms
were jdentified as a Pseudomonas specles. The number of organisms present

vas extremely small, and there was no evidence that growth occurred during the
eighteen-month storage period.

After a month of incubation of the samples from the twenty-four
month storage period, there were indications of microorganism growth on the
filter pads and in the culture tubes containing samples from one of the 304
stainless steel, both of the A~286, both of the 6Al-4V titanium, and one of
the 17-4PH containers. The microorganisms were all of the same species and,
based on the classifications used in the 8th edition of Bergey's '"Manual of
Determinative Bacteriology," were identified as most likely being Pseudomonas
teslosteroni. In this edition, much of the former genus Aeromonas is now
included in the genus Pseudomonas, and therefore the microorganisms observed
in the two samples (f the six-month storage period may be the same speciles
as those identified in samples from the tweaty-four month storage period.

i

The number of organisms present in the samples from the twenty-
4 four month storage period was extremely low, less than 100 per ml of water,
3 and therz was no evidence that growth occurred during the storage period.
The fact that all the organisms are of the same species indicates that they
were probably introduced during the fi1l procedure and that the improved

water removal procedure reduces the posslbility of contamination during the
sampling procedure.
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B. Diacussion of Results (cont.)

After a month of incubation of the samples from the thirty-month
storage period, there were indications of microorganisms present on the
filter pads and in culture tubes containing samples from both of the 304
stainleas steel, one of the A~286, one of the 17-4PH and both of the
6A1-4V titanium containers. The number of microorganisms present was small,
and there was no evidence that any growth occurrea during the thirty-month
storage period. The microorganisms present were identified as a Pseudomonas
gspecies.

After a month of incubation of the samples from the thirty-six
month storage period, there were indications of microorganisms present on
the filter pads and in the culture tubes containing samples from one of the
304 stainless steel, one of the A-286, one of the 6A1~4V titanium and one of
the 17-4PH containers. The number of microorganisms present was extremely
small, less than 2 per ml, and they were identified as a Pseudomonas species.

After a month of incubation of the samples from the forty-two
month storage period, there were indications of microorganisms present on
the filter pads and in culture tubes containing samples from one of the 304
stainless steel, both of the A-286, one of the 6Al-4V titanium, and one of
the 17-4PH containers. The number of microorganisms present was small, and
there was no evidence that any growth occurred during the forty-two month
storage period. The micororganisms present were identified as a Pseudomonas
specles.

After a month of incubation of the samples from the forty-eight
month storage period, there were indications of microorganisms present on
the filter pads and in the culture tubes containing samples from one of the
304 stainless steel, both of the A-286, one of the 6Al-4V titanium, and one
of the 17-4PH containers. The number of microorganisms present was small,
and they were idencified as a Pseudomonas species.

After a month of incubation of the samples from the eighty-four
month storage period, there were indications of microorganisms present on
the filter pads and in the culture tubes containing samples from one of
the 304 stainlegss steel contalners, one of the A-286, one of the 6A1-4V
titanium, and one of the 17-4PH containers, The number of microorganisms
present was small, and they were identified as the Pseudomonas species
which had been identified in the previous storage periods. From the slight
growth which was observed in the culture media, it can be inferred that the
microorganisms are in a weakened condition.

In summation, the biological testing has shown that there 1is no
evidence for any bioligical growth during the storage periods even though
a slight number of microorganisms were introduced during the filling
procedures,

19
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CONTAINFER EXAMINATION

A. PROCEDURES

After removal of the water from the containers by draining, they
were vacuum-dried for a day to insure sectioning in a dry condition. The
contalners were then photographed to docunent their general appearance.
Sectioning of the containers to expose the internal surfaces was accomplished
by sawing without coolant to prevent contamination other than from sawing
debris. Subsequent handling of the container halves was carefully per-
formed to avoid touching the interior surfaces. After removal of the debris
generated by sawing, the internal surfaces were then eaanined with tue
unaided eye and photographed to document thelr general appearance.

Visual examination of the interior surfaces at magnificatjons from
5 to 10X were conducted to define conditions found in the aforementioned
visual examination and to reveal areas requiring additional examination at
magnifications to 40X. All welds were examined at 40X magnificatioem.
Representative discrepancles were photographed at magnifications adequate
for defect definition. Those defects requiring further definition were
examined metallographically to establish their cause and extent. Sections
taken either through or immediately adjacent to the affected areas were
mounted, polished, and examined. Photomicrographs were taken to document
the condition. All interior surfaces were dye-penetrant inspected to
detetnine whether any defects were undetected during the visual examination.

B. DISCUSSION OF RESULTS

The results of the container examinations are discussed under
three headings: (1) General Visual Examination, (2) Metallographic
Examination, and (3) Implications of the Results of the Examinations.

1. General Visual Examination

The external appearance of the containers igs documented
photographically in Figures 1 through 5. The internal appearance of the
containers is documented photographically in Figures 6 through 10.
Examinatlon of these surfaces without visual aids showed full penetration
for the full length of all weldments. Other conditions resulting from
fabrication and cleaning procedures were as follows: (1) Pickling smut on
the interiors of the 17-4PH stainless steel and Inconel 718 containers;

(2) an adherent agglomeration of 17-4PH stainless steel particles in the
17-4PH statinless steel contalners; (3) knifeline attach at the edge of the
Inconel 718 welds as a result of pickling; (4) etching of the parent metal
and welds in Inconel 718 contalners and of the welds in the 17-4PH containers
as a resgult of pickling; (5) residual oxides from heat treatment in the

A-286 and titanium 6A1-4V containers; (6) rough surface of the 17-4PH
stainless steel contalners as a result of scale removal during pickling; and
(7) stains and localized pickling attacks around areas of pre-heat-treatment
contamination.
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No. 18

Figure 1. 304 Stainless Steel Containers,

Magnification 1/3X

d

No. 16 No. 17

Figure 2. A-286 Containers, Magnification 1/3X
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6A1-4V Titanium Containers,

Magnification 1/3X
23

16

No.
Figure 5.

AV T YA FATFHTE T T g e 1= AT 1 o i e e x e
A .




B3
<r
~
o
(%]
—
-—
B}
o
—
4
—
=
=
e}
=
-
wn
.
<
[y
-
©
-—

s Steel Con

S

Intericr of 342

£,

Fisurs

24




L

Ao

TS T WG

17

No

6

1

No

3/4x

ification

Magn

tainers,

6 Cun




R

! -

i o

§ [oh} [+3)

- c

c. e

[ I

i . -

! (9] st

1 = jo]

:‘ —
b

. — |

ot

o?)

-

H-1025 Stainless S

H

P

Jaagnification 3/4X

A
+

17-4

riterior of

P9
I

No.




Xp/E uoLledLylubey ‘saauleluo) Q(/ {IUODU] JO JOLAIJUL "6 34nbt4
LU TON G1-1 "ON

-
c

i ' —~r

vemntaindiiiiee alen . .




Xy

/£ uoL3edLyLubey

8l "ON

‘SA3ULRIUOY AD||Y WNLUBIL] Ap-LY9 40 40tudU]
91l

‘01 34nbyy
o\




ALl S

B. Discussion of Results (cont.)

No significant differences were apparent between the six,
twelve, twenty-four, thirty, thirty-six, forty-two, forty-eight, and eighty-
four month exposure containers, or between those holding the oxygen-free and
oxygen—saturated water.

2, Metallographic Examination

A summary of the analyses performed on the containers is
presented in Table 6. The results of the macro- and micro-examinations
are shown in Figures 1l and 17. The results of the analyses are discussed
below for each container material.

a. 304 Stainless Steel

The interiors of the containers were in excellent
condition, exhibiting no significant defects.

b. A-286

One weld shrinkage crack was found in the two con-
tainers. This crack, which is similar to those found in previously examined
containers, is shown in Figure 11. A photomicrograph of the crack is shown
in Figure 15. Light residual oxide remains at the top of the containers
after pickling. The oxide appears as the dark area on the left side of the
container in Figure 7. No evidence of corrosion resulting from the storage
of water could be found.

c. 17-4PH Stainless Steel

Thegse containers exhibited the same conditions found in
the previously examined containers, i.e., smut, roughening of the interior
surfaces due to scale removal during pickling, and tightly adherent agglo-
merated 17<4PHgtainless steel particles which are deposited in isolated areas
of corrosive attack by pickling. These particles have been previously
identified as 17-4PH stainless steel; like smut, they are considered to be
reaction products of the pickling operation. This condition is shown in
Figure 12. No evidence of corrosion from the storage of water could be
found.

d. Inconel 718

As with the previously examired containers, examination
of the interior surfaces at moderate magnification revealed knifeline
corrosive attack at the edge of all closure weldments. This condition,
which is attributed to pickling, is shown in Figure 13 as the dark line at
the bottom edge of the welé. A ph-tomicrograph of a section taken through

ek
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Figure 11.

Figure 12.

Weld Crack in A-286 Container,
Magnification 14X

Adherent, Agglomerated 17-4PH
Stainless Steel Particles Found
in the 17-4PH Stainlass Steel
Containers, Magnification 14X
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Figure 13.

Figure 14,

Weld Crack in Inconel 718 Container,
Magnification 14X

Isolated Pickling Attack Around

Arpac of Contamination in Titaniym
Arecas ¢v oLeontaminatien 1o rlanium

6A1-4V Container, Magnification 14X
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Figure 15. Photomicrogr

aph of Weld Cra k 1
A-286 Conta cx in

iner, Maanification 100X
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Figure 16. Photon
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nicrograph of Localjzed :
£rIng Attack at Fdge of :

Inconel 718 Weld, Manification 160X i
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x Figure 17. Photomicrograph of Weld Crack
and Shrink Porosity in Inconel
718 Weld. The Weld Surface (Top)
Shows Interdentritic Attack from
Pickling. Magnification 100X
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B. Discussion of Results (cont.) E

this area is shown in Figure 16. The one weld crack found during the exam-
ination is shown in Figure 13. A photomicrograph of the crack is shown in
Figure 17. The photomicrograph also reveals interdendritic attack from E
pickling at the weld surface and shrink porosity in the weld interior. The
containers displayed a tightly adherent smut as a result of pickling. No
anomalies attributable to water storage were found.

e, Titanium 6A1-4V

The container interior surfaces exhibited small isolated . E.
areas of light-blue cxide and stains and corrosive attack from pickling around
areas of contamination present during heat treatment. The residual oxides
formed during heat treatment (aging) in air and were not removed during
pickling. It appears that the presence of contamination during heat treatment
contributed to oxid: resistance to removal by pickling. As shown in Figure 14,
some¢ contaminated areas produced corrcsion ettack on their periphy during
pickling. All defects found in the containers are due to inadequate cleaning
prior to heat treatment. No effects attributable to the storage of water were E
found.

3. lamplications of the Results of the Examination

Discrepancies found in the internal surfaces of the con-
tainers were due to fabrication and cleaning procedures rather than the
quality of the stored water. The discrepancies were the same as those Z
found in previously examined storage containers. The most serious of these A
discrepancies, with regard to influencing the function of the containers
for storing transpiration coolant water, is the generation of a smut on .
the Inconel 718 and 17-4PHstainless steel during pickling. However, none
of these 1rregularities have produced particles of sufficient size and
quantity to degrade the functional quality of the water., The primary cause
of these conditions 18 attributed to poor inert gas coverage on the container
interiors during heat treatment and to the resulting excessive oxidation.

The presence of contaminants in the titanium alloy con-
tainers prior to heat treatment and in th~ weld cracks found in the A-286
and Inconel 718 containers is attributable to inadequate process control on
the part of the container gupplier. In spite of the presence of the con-
taminants, the functional quality of this water was not impaired.
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SECTION T11

CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS

The following conclusions are drawn from the eighty-four month
storage evaluation programn.

1. All five container materials, 304 and 17-4PH stainless steels,

A-286, Inconel 718, and 6Al1-4V titanium, are suitable for the storage of
wvater for transpiration cooling purposes.

2, Both the oxygen-free and oxygen~saturated waters demonstrated
favorable storability characteristics with regard to pH changes, fonic
contamination as evidenced by electrical resistance measurements, and particu-
late formation as evidenced by Silting Index values and microscopic inspection
of filters.

. Z.sed on the biological tests, there is no cvidence that
biological growth has occurred in the containers during storage periods up
to eighty-four months.

4. Discrepancies in the containers, such as cracks, smut and
etched surfaces, were produced during fabrication, cleaning, and passivation
of the containers. Yet with adequate flushing prior to storage, the stored
water 1s suitable for use as a transpiration coolant.

B. RECOMMENDAT IONS

i. Long~term storage tests should be conducted with the selected
waters in contair - 's in which dissimilar metals are present to demonstrate
which combinations of metallic macerials can be used as suitable comporents
in a transpiration coolant system,

2. The ease of fabrication, cleaning, and passivation cf con-
tainers sgshould be given proper priority in the selection and design of
container materials for transpiration coolant devices.

3. Long~term storage tests should be conducted with the selected
waters in containers which contain non-metallic materials which may be of
use in the fabrication of transpiration coolant systems.
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APPENDIX A
FABRICATION AND TREATMENT PROCEDURES
FOR WATER CONTAINERS
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FABRICATION AND TREATMENT PROCEDURES
FOR WATER CONTAINERS

The fabrication procedures, the heat treatment cycles, the cleaning
procedures, and the passivation procedures for the water containers prior to
filling are presented below.

A. CONTAINER FABRICATION
Drawings of the long-term storage container and 1ts associated
weld tooling are shown in Figures A-l, A-2, and A-3. The sequence of opera-

ticns in the container fabrication is as follows:

1. Cylindrical Tube, -1

a. Fabricate -1 cylinder tube by rolling the sheared sheet
stock into the desired diameter.

b. Weld the lingitudinal joint using the automatic GTA*
welding process. Full weld penetration must be obtained using gas backup
for the welds.

c. Dye~penetrant inspect welds, then trim tubes to required
length., No cracks allowed.

d. Machine tube ends for weld joint preparation.

e. Clean tubes and store in appropriate container while
avaiting next assembly.

2. Fi111-Tube, -2

a. Section fill-tubes to 6 + 0.12 in. lengths.
b. Deburr fill-tube ends and inspect.

c. Clean fill-tubes and then package individually and
gtore for next assembly.

3.

Tank Head, -3

a. Blank tank heads to the desired diameter by punching or
sawing and then machining.

b. Machine weld joint preparation at cuter edge as
required.

c. Drill the fill-tube hole to mate with the fill tube.

*Gas Tungsten Arc

41
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Cu EXPANDING FILL- TUBE

Yt SINK FIXTURE
- A— E
Cu . ~1
N[\ TANK HEAD =

TANK HEAD TO 4
FILL-TUBE HEAT —\ ;
, GAS PURGE TUBE 4

SINK FIXTURE
4 L.—-ov E

Weld Tooling for Fil1-Tube to Tank Head Joint

Figure A-3.
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A, Container Fabrication (cont.)

d. Counter bore the tank head on one side at the fill-tube
hole for weld joint preparation.

e. Inspect tank heads, clean and package.
4. Tank End, -4

a. Perform operations 3,a, 3,b, and 3,e as above.

S. Assembly Sequence

a. Assemble -2 fill-tube into -3 tank head using appropri-
ate weld fixture and tooling.

b. Weld root pass on grooves side without weld filler wire
by the automatic GTA welding process.

c. Clean root pass by rotary wire brushing using a clean
stainless steel wire brush.

d. Weld the cover pass using the appropriate weld filler
wire.

e. Reposition the part in the weld fixture and then place
a filler weld at the fill-tube to tank head junction.

f. Inspect welds and clean part.

g. Fixture tank head assembly with -1 tube for welding
and purge tank with Ar or He.

h. Weld root pass without the uce of weld filler wire.
Full penetration must be obtained at the ID of the joint.

1i. Dye-penetrant inspect and clean roct pass. No cracks
allowed.

3. Fill weld groove using the appropriate weld filler wire.

k. Inspect and clean the inner tanl gurfaces.

1. Locate the tank end to the tank for welding, then purge
the closed tank with Ar or He.

I
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A, Container Fabrication (cont.)

m. Make the root pass without the use of weld filler wire
tc insure full penetration.

n. Clean root pass surface.

o. Inspect the internal weld penetration using a bore-
scope. Full weld penetration is required.

P Run weld cover pass using the appropriate weld filler
wire.

q. Clean, inspect, and package unit for shipment.

Heat treatment of the containers was performed in an argon
atmosphere, and with one exception, as noted below, utilizing the thermal
cycles listed in Table A-I.

Upon receipt of the tanks, the certifications were examined,
and it was found that some of the material used to fabricate the 304L stain-
less steel containers was actually 304 stainless steel. With the concurrence
of the Air Force, the containers were subjected to a heat-treatment at 1925°F
in hydrogen, followed by rapid cooling to preclude sensitization in the weld
heat-affected zone.

B. PREPARATIVE PROCEDURES

1. Container Cleaning and Passivation

All the containers were degreased by submerging and agitating
the tanks three times in fresh isopropyl) alcohol. The containers were then
purged with dry, filtered nitrogen and placed in a vacuum chamber for final
drying. The A-286, 17-4PH stainless steel, and Inconel 718 containers were
then subjected to an alkaline descaling treatment for 60 minutes with Kelite
No. 235 at a concentration level of 32 oz per gal at 190°F. The containers
were then rinsed with water at 150°F for 2 tc 5 minutes, followed by a rinse
at ambient temperatures with deionized water for 2 to 5 wminutes, then purged
with dry, filtered nitrogen, and finally dried in a vacuum chamber.

The 304, A-286, and 17-4PH stainless steels and Inconel 718
were descaled in a pickling solution of 20% HNO,, 5% HF, and 75% H,0 at 130°F
for 30 minutes per immersion until the last traces of scale were removed, as
confirmed by examination with a bbrescope. Following the acid treatment, the
tanks were flushed with tap water for 2 to 5 minutes, tnen flushed with
deionized water for 2 to 5 minutes, then subjected to ultrasonic vibration
in a water bath for 15 minutes, flushed with deionized water for 5 miautes,
purged with dry, filtered nitrogen, and finally dried in a vacuum chamber.
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B, Preparative Procedures (cont.)

The 304 and A-286 stainless steels and Inconel 718 wcre
passivated with a 30X HNO3/3% NajCrp0; aqueous solution at 130°F for 25 min-
utes, rinsed with tap water for 2 to 5 minutes, rinsed with delonized water
for 2 to 5 minutes, subjected to ultrasonic vibration in water for 5 oinutes,
rinsed with deionized water for 2 to 5 minutes, purged with dry, filtered
nitrogen, and dried in a vacuum chamber. The 17-4PH stainless steel received
the same treatment with the excepticn of a 10-minute passivation time.

The 6A1-4V titanium was degreased in isopropyl alcohol as
described previously for the other tankage and then descaled in a pickling
solution of 33.2% HNO3, 1.6% HF, and 65.2% water at 140°F for 3 minutes. The
titanium containers were rinsed with 130°F tap water for 2 to S minutes, fol-
lowed by a rinse in deionized water for 2 to 5 minutes, then subjected to
ultrasonic vibration in water for 5 minutes, rinsed with deionized water for
2 to 5 minutes, purged with dry nitrogen, and then dried in a vacuum chamber.

2, Container Sterilization, Filling, and Sealing

Following the final rinsing with deionized water and the dry-
ing of the container in a vacuum chamber, the containers were wrapped with
reusable sterilization paper. The wrapped containers were then sterilized in
an autoclave at 250°F with 15 psig steam for 30 minutes, followed by a 3CG-minute
drying period. The containers were then stored in the paper tv waintain their

.sterile condition.

All the steps required to £111 the containers with water wexe
conducted in the sterile laminar-flow bench. The tanks were removed from the
wrapping paper in the laminar-flow bench. The tanks were weighed empty; then
weighed when filled completely with sterile water to determine the total
volume of the tank. The water was drained out and the tank was rinsed once
more with the sterile water. A sample of the rinse water was checked for pH,
conductivity, and Silting Index. If the values indicated that particulate
matter and dissolved species were not present, the tank was considered ready
for fi1lling; if the values indicated that contaminants were present, the tank
wag rinsed until there was no evidence of contamination.

Before the final filling with oxygen-saturuted deionized
water, the tank was purged with oxygen from a filtered supply. The tank was
then filled with the water and a-sample was withdrawn for pH, conductivity,
and Silting Index measurements. The ullage was adjusted to the ten percent
value by weighing the container and its contents; the ullage space was purged
with the filtered oxygen; and the container was capped with & sterile,
tapered plug made from the same material as the container. T7The plug was
seated in the fill-tube by use of a hommer. The containers were filled with
the oxygen-frece, deionized water in an analogous manner, except that filtered
nitrogen was used instead of oxvgen for purging and blanketiag the container,




B8, Preparative Procedures (cont.)

The final sealing of the containers was accomplished by CTA-
welding the fill-tube/plug interfacc. The welds were inspected visually for
any apparent anomalies. None were found. Then the containers were placed in
plastic bags and labeled for the long-term stourage tests.

The sampling plan for the long-term storage tests ie to
remove one container of each material with the two types of water for inspec-

tion and evaluation every six months for a period of five years. The confents

will be characterized with respect to pH, conductivity, particulate content,
and biological activity, and the containers themselves will be subjected to

metallurgical examination if the other test data indicate that this is
required.
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SILTING INDEX MEASUREMENT

In order to obtair a measurement of the clogging tendencies of the
particulate matter which may be produced during the storage of water in the
preaence of metals and non-metals for prolonged periods of time, a flow test
of the water samples through nominal 1! micron size pores was required. Duc
to the limited quantity of the water available for each sample, approximately
] 20 ml, the ASTM Method F 52-69, "Silting Index of Fluids for Processing
- Electron and Micro-electronic Devices," was selected as being appropriate
- for the program.

R TR

il e et £

R

The method determines the silting or clogging tendency of a fluid con-
taining fine particles and gelatinous materials suspended in the fluid. The
fluid is filtered through a membrane filter having a uniform pore size of 0.8
micron at a constant differential pressure. Particles larger than S microns
form an open network above the filter and do not affect the clogginy tendency;
particles smaller than 5 microns tend to block the flow passages of the fil-
ter and cause a decay in the flowrate. The rate of flow decay is expressed
in terms of a Silting Index value: the grcater the value, the greater the
clogging tendency. A schematic diagram of the apparatus in shown in
Figure B-1.

rem——"

The total volume of fluid passed through the filter is 12 ml. The
flow of the last 10 ml is timed incrementally as V; (1 ml), V5 (5 ml), and H
V3 (10 m1), with T}, T,, and Ty the times required to flow the respective
volumes. The Silting Index value 1is calculated from the equation:

The tests in the program were conducted with three silting heads, No. 1 wit

an effective area of 1.0 mm“, No. 2 with an effective filter area of 4.3 mm", ;
and No. 3 with an effective filter area of 18.5 mm2. The procedure used in !
the tests was that prescribed in ASTM Method F52-69, except that samples were :
tested in triplicate only when sufficient sample was available. A photograph

of the apparatus* used is shown in Figure B-2,

Water which has passed through the 0.22 micron pore size absolute fil-
ter, and which was used in preparation of the tests, always produced a Silting
; Index value of less than 1 using the No. 1 sflting head which has a cross-

: sectional area of 1 mm2. The effect of particle size on the Silting Index
was evaluated vsing latex spheres with a mean particle size of 1.25 microns
with a range from 0.5 to 2.0 microns and puff ball spores with a size range
from 3 to 4 microns. These data are pregented for silting neads Nos. 1, 2,
and 3 which have cross-sectional areas of 1 mm2, 4.3 mmz, and 18.5 rm*~,
respectively, in Figures B-3 and B-4. The particle concentration is given
in mg/l because the suspensicns were prepared on a weight basis; the actual

*Available from Millipore Corp., Bedfore, MA




CONSTANT PRESSURE

TERRERT 50 LBS/IN.

S.1. APPARATUS FILL !
FLUID RESERVOIR 1
vo—1. %
1 -t
_____.____:Ii
v Y3
V3
SILTING HEAD ADAPTER
0.8 » MEMBRANE FILTER
A = EFFECTIVE AREA OF SUPPORT SCREEN
EXPOSED FILYER EFFLUENT
BEAKER
, VOLUME - RATIO
Vv, = 2 )
Vo/¥y = 5N

V3/V] = 10N

Figure B8-1. Schematic of S11ting Index Apparatus
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Figure B-3. Concentration Effect of 1.25 Micron Average Diameter Latex Particles
on the Silting Index Values
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Figure B-4, Concentration Effect of 3-4 Micron Diameter Puff Ball Spores on
the Silting Index Value




densities of the particles are comparable. The significant item to note from
the comparison of the data is that the Silting Index values are comparable at
concentration levels that differ by at least one order of magnitude, the
smaller particle producing the higher Silting Index value.
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